This case report suggests that magnetic resonance imaging with diffusion weighted imaging may help distinguish between tumour recurrence and radiation induced necrosis in patients previously treated for a brain tumour.
A lthough non-invasive imaging techniques such as positron emission tomography (PET), single photon emission computed tomography (SPECT), magnetic resonance imaging (MRI), spectroscopy MRI, and dynamic susceptibility contrast MRI have improved our ability to diagnose radiation necrosis, the definite diagnosis of this condition may be difficult and brain biopsy is often required. 1 2 We report a case supporting the use of diffusion weighted MRI to differentiate radiation necrosis from tumour recurrence.
CASE REPORT
A 30 year old woman presented with a one week history of progressive right hemiparesis, ataxia, and diplopia. Her past medical history was notable for a low grade cerebellar pilocytic astrocytoma in the region of the vermis, which was surgically resected when she was 15 years old. Eight years later, she developed bilateral fourth nerve palsies. Repeat MRI revealed abnormal tissue at the superior aspect of the vermis. Suboccipital craniectomy and tumour debulking were repeated, and pathology confirmed recurrence of a pilocitic astrocytoma. The patient subsequently underwent external radiation therapy (total dose of 5400 R to the whole brain, the tumour bed, and the spinal axis) and recovered well. Yearly follow up MRI showed stable clinical and neuroimaging findings, consisting of postoperative changes in the posterior fossa from the previous midline craniotomy, and mild encephalomalacia in the medial cerebellar hemispheres.
At age 30 years old (seven years after the last recurrence), she developed a right hemiparesis over one week, associated with binocular horizontal diplopia. On examination, she had a right hemiparesis sparing the face, without sensory abnormality. It was associated with a bilateral cerebellar syndrome, worse on the right, and with left sixth and seventh cranial nerve palsies.
Repeat MRI showed a small amount of nodular soft tissue within the fourth ventricle, which was unchanged compared with her previous MRI examinations, consistent with postoperative changes. There was also a new oval area of signal abnormality (11 × 9 mm) in the left upper pons which was hypointense on T1 weighted imaging and hyperintense on T2 weighted imaging. This lesion did not enhance (fig 1) .
A round lesion (12 × 12 mm) in the medial right temporal lobe and a smaller lesion in the lateral aspect of the right cerebral peduncle were hyperintense on both T1 and T2 weighted images. Neither of these lesions enhanced. On the T2 weighted gradient echo, these two lesions were mildly hypointense, suggesting small areas of haemorrhage consistent with occult vascular malformations. The periventricular white matter appeared hyperintense on the T2 weighted image, consistent with the radiation therapy. PET with fluorodeoxyglucose (FDG) failed to show any area of increased tracer activity. The MRI was repeated with diffusion weighted images. The lesion in the left upper pons and the lesion in the medial right temporal lobe appeared hyperintense. On the apparent diffusion coefficient (ADC) map, the medial right temporal lobe lesion was slightly hyperintense, suggesting a T2 shine-through effect. The upper pons lesion was hypointense, suggesting restricted diffusion (fig 2) . Magnetic resonance angiography of the cervical and intracranial vessels was normal. A coagulation work up and echocardiography were obtained and were normal.
The new symptomatic lesion in the left upper pons was believed inconsistent with a recurrence of the primary tumour or a radiation induced tumour. The DWI findings were suggestive of pontine infarction, but radiation necrosis could not be ruled out. Biopsy of the lesion showed no evidence of tumour; there were areas of necrosis and hyalinisation associated with thick wall blood vessels, consistent with the diagnosis of radiation necrosis.
DISCUSSION
The appearance of a new lesion seven years after radiation treatment for a primary brain tumour may represent recurrence of the tumour, radiation induced demyelination, radiation necrosis of the brain, ischaemic stroke secondary to radiation induced vasculopathy, or rarely a secondary tumour or occult vascular malformation. It can be difficult to distinguish accurately among these possibilities, especially as the clinical features of these pathological conditions and their CT and MRI appearances can be quite similar.
1-3 Our patient's neuroimaging showed many of these late complications from radiation treatment.
Chronic radiation injury leads to a diffuse leucodystrophy with confluent regions of subcortical gliosis and demyelination. It also damages cerebral capillaries, rendering the bloodbrain barrier abnormally permeable, which explains the enhancement sometimes seen on cerebral MRI in regions of radiation necrosis. This makes the distinction between radiation necrosis and tumour recurrence very difficult in some patients. [1] [2] [3] Tumour recurrence was unlikely in our patient. Indeed, the pontine lesion was remote from the tumour's primary site, it appeared very bright on the T2 weighted image, it did not enhance on the MRI, there was no mass effect, and our patient's FDG-PET did not show increased uptake of the FDG in the pons. SPECT and PET studies (especially FDG-PET) are now widely used to evaluate the metabolic activities of brain tumours and are usually helpful in differentiating tumour recurrence from radiation necrosis. However, these techniques are costly and require the use of a radioactive tracer. 1 Recently developed MRI techniques such as dynamic contrast enhanced MRI and proton magnetic resonance spectroscopy have also been used in patients with brain tumours. However, because of low spatial resolution, discrepant results have been reported. 2 Although Le Bihan et al suggested more than eight years ago that tumour recurrence and radiation damage might be distinguished using diffusion weighted imaging, 4 we have been able to find only two anecdotal cases of radiation necrosis in which diffusion weighted imaging was done. 5 6 Le Bihan et al hypothesised that high perfusion would be shown in tumour recurrence, while radiation damage would cause low perfusion and apparently decreased diffusion; these were the findings in our patient and in the two previously reported cases.
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Pontine infarction was suggested by the radiological findings in our patient, and she underwent a workup looking for causes of cerebral infarction. Radiation induced vasculopathy may affect both the large arteries (such as the basilar artery) and the small perforating vessels, and may cause infarction of any size. Pathology showed evidence of necrosis at the level of the pons, which is non-specific and could result from either infarction or radiation necrosis. However, the presence of thickened blood vessels in addition to necrosis made the diagnosis of radiation induced necrosis more likely.
The appearance of radiation induced necrosis on diffusion weighted imaging is of great interest as this may represent a non-invasive inexpensive way to distinguish between tumour recurrence and radiation necrosis in patients previously treated for a primary brain tumour, and result in a reduced number of brain biopsies. The fact that radiation necrosis presents as restricted diffusion on diffusion weighted imaging is not surprising given the potential role of ischaemia in the occurrence of radiation necrosis. The first patient, a 55 year old woman who was admitted because of lung haemorrhages, died a few hours after admission to the hospital and was autopsied. Skin tumours had been present since the age of 3. At autopsy the following findings were noted:
"Innumerable nodules, almost over the entire outer skin layer (Plate 1), for the most part on stalks, while others sat on broad bases and were mostly simple spheres in all possible sizes. The larger ones, however, were especially polypous, up to 5 cm long and 4 cm thick, all covered with completely intact, almost smooth skin; although on the sacrum there was a flatly pressed, mushroom-shaped nodule, lightly ulcerated on its surface, while another small ulcerated nodule appeared on the left side of the trunk . . .
In general, the skin of the entire body had a dirty brown colour; closer examination revealed the existence in many places, particularly on the trunk and throat, of innumerable brown pigmentation spots . . .
On the left side, on the femoral nerve, in the middle of the thigh below the origin of the saphenous nerve, there was a spindle-shaped tumour 32 mm long, 7 mm thick, running along the posterior side of the nerve. At the knee was another small tumour on the saphenous nerve. There were small tumours on the muscle rami of the femoral nerve. The lateral cutaneous (femorocutaneous) nerve exhibited two tumours, one below the branching point on the upper ramus, the other a hand-width above it . . .
The spinal cord and brain were unremarkable, even under microscopic examination. Death resulted from pulmonary haemorrhage from a pulmonary artery aneurysm."
The autopsy report was followed by a histological description: there were no signs of nerve fibre neoplasia or "fatty degeneration". Even in larger neurinomas, the nerve fibres could be distinguished. Although still myelinated, some fibres showed an increase of connective tissue.
The second case history was a 47 year old man with unaffected relatives; he had observed the number of skin tumours had increased since he was 15. Von Recklinghausen found enlargement of the peripheral nerves he could distinguish from skin fibromas. With his colleague, Friedrich Jolly, he noted normal sensibility for pain as well as the irritability of the muscle by electric stimulus of the median nerve. Four small nodules examined microscopically disclosed the same findings as in the first case. He decided that "fibromas formed in the greater trunks in layers, but at first started in primitive nerve fibres."
An earlier account of generalised neurofibromatosis is contained in a monograph by RW Smith (1849), 2 who refers to many prior examples, but Von Recklinghausen first provided the necessary histological detail and demonstrated a hereditary disease characterised by café au lait spots combined with multiple peripheral nerve tumours and other dysplastic abnormalities of the skin, nervous system, bones, endocrine organs, and blood vessels. 3 We now know that the neurofibroma is the hallmark lesion of NF1, whereas the schwannoma is the typical peripheral nerve tumour of NF2. The NF1 gene product is neurofibromin, a negative regulator of signal transduction; this suggests possible approaches for treatment. Von Recklinghausen is remembered for three distinct discoveries:
(a) multiple neurofibromatosis; (b) osteitis fibrosa cystica (hyperparathyroidism); (c)Haemochromatosis.
He was assistant to Virchow for 6 years, then became Professor of Pathology, first at Königsberg, next Wurzburg, and in 1872 at Strasburg, where he remained an active teacher and researcher until his death. Trousseau gave the 'first description' of haemochromatosis, in 1865, 4 but von Recklinghausen in 1889 provided the name with a full description. 5 In 1862, while still Virchow's assistant, he published two important papers, one showing that connective tissue contained spaces, which were drained by lymphatics 6 and in which cells were present: 'von Recklinghausen's canals'. He showed these cells had amoeboid movements and identified them as leukocytes. He identified granular cells in the mesentery of the frog, later named mast cells by Ehrlich (1879).
He established the method of using silver to stain the lines cell junctions and his work led to Cohnheim's studies on leukocyte migration and inflammation. Cohnheim was an assistant in the laboratory at that time.
He was a typical histopathologist of his time but even though he had made vital contributions to the early understanding of inflammation he was resistant to certain changes such as the introduction of the microtome. He trained many leaders in German pathology, including Friedlander Zahn and Aschoff. A colourful personality, he was an industrious enthusiast, but strangely opposed Koch's concept that the tubercle bacillus was the cause of tuberculosis. He was considered second only to Virchow in an era of great German pathologists.
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